and neurogenic sarcoma (3-6) and a reduction in fibrosarcoma (22-2), liposarcoma (25-13), rhabdomyosarcoma (7-3) and sarcoma not otherwise specified (26-3).
Various treatment modalities have been suggested for the management of patients with soft tissue sarcomata (STS) but their efficacy remains difficult to assess. This is made even more difficult by the rarity and the varying histogenesis and sites of origin of STS. Consequently relatively few prognostic studies are available in the literature. Most of these have used univariate analysis of survival which does not take into account inter factor effects, though reports using multivariate analysis have increased in the last 3 years.
In this study the data were collated from the Department of Clinical Oncology, Edinburgh. All the histological sections were reviewed. The aims of this paper are to describe the clinical features at presentation, treatment modalities and the prognostic factors for survival.
Patients and methods
Data were extracted for 142 patients referred to the Department of Clinical Oncology with a definite or probable diagnosis of soft tissue sarcoma (STS) . Since the original diagnoses there have been considerable changes in classification, diagnostic criteria and terminology of STS, recognition or delineation of new categories and better understanding of established entities. The entire group was, therefore, subjected to histological review using current concepts of STS classification.
Based on light microscopic review combined, where needed, with immunoperoxidase studies and electron microscopic examination 125 cases were confirmed as STS and 17 cases were changed to benign soft tissue lesions (9) and nonsarcomatous malignancies (8); these 17 cases were excluded from the survival analysis. The other major diagnostic alterations in the overall group (142 cases) were an increase in leiomyosarcoma (25-37), malignant fibrous histiocytoma-MFH (18-35), synovial sarcoma (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) and neurogenic sarcoma (3-6) and a reduction in fibrosarcoma (22-2), liposarcoma (25-13), rhabdomyosarcoma (7-3) and sarcoma not otherwise specified (26-3).
Twenty-five of the 125 confirmed STS patients had been referred following local recurrence, the development of metastases or both. They were excluded from this study leaving a total of 100 STS for analysis. Minimum follow-up was 5 years except for one patient lost to follow-up at 27 months.
The tumours were staged retrospectively using the UICC TNM (1987) staging system recommended by the American Joint Committee (AJC) (Russell et al., 1977 (1988) . The pathological size was extracted from the histological reports. The microscopic features studied for each histological type were mitotic activity, pleomorphism, cellularity, necrosis and grade. The mitotic figures were counted in multiples (the number depended on the case) of 10 x 400 fields and a mean was calculated; the high power field (hpf) area was 0.1591 mm2. We assessed necrosis macro-and microscopically and in conclusion we scored it as: 0 (absent); 1 (< 15%); 2 (15-50%); 3 (>50% of the areas examined). Cellularity density was assessed as follows: 1 (<25%), 2 (25-50%) and 3 (>50%). Pleomorphism scores were 0 (absent), 1 (<25%), 2 (25-50%) and 3 (>50%). The tumours were graded on a 3-point scale using the guidelines of Enzinger and Weiss (1988 Analysis was performed using the proportional hazards regression model (Cox, 1972) to evaluate the effects of these variables when studied simultaneously and identify independent prognostic factors. Only 38 of the 87 patients had tumour size recorded and therefore the analysis was performed both including and excluding size as a possible prognostic variable. Separate analyses were performed for superficial and deep tumours, for irresectable tumours and those which were resected.
Multivariate analysis was also performed including only age, sex, site, grade, histological type, size, mitotic activity, necrosis, pleomorphism and cellularity, the data available to the pathologist.
Results
The clinicopathological features, including the presenting characteristics, for the 100 STS are shown in Table I . There were 53 males and 47 females. The majority were aged 50 years or over with the mean age being 58 years (s.d. 17.0 years). The most common symptom at presentation was a painless mass and the duration of symptoms varied from <1 week to 10 years (median 9 months). The most common sites were lower limb, trunk and retroperitoneum. Leiomyosarcoma and MFH were the largest histological groups. The mean tumour size was 9.2 cm.
Treatment
Treatment modalities are shown in Table II . Surgery was the only treatment in 13 patients but combined with radical or palliative XRT in another 42 and three patients respectively. Eighteen patients were treated with radical XRT alone and seven with palliative XRT. In 17 patients neither XRT nor surgery was used.
Local control
Of the 10 patients treated by wide excision, six had radical radiotherapy postoperatively and remained locally well controlled while one of the four patients having no radiotherapy recurred locally.
Of the 16 patients who had a complete excision there were three local recurrences among the 11 who had radical radiotherapy and two among the four who had none.
Radical radiotherapy was given postoperatively to 25 of the 32 patients who had an incomplete excision. A complete .II IV 48 54 60 ment brought into the model, demonstrating that it was of no independent prognostic value in the overall group of patients. There were 42 patients with irresectable tumours. Six of these were of the less common histological type leaving 36 for analysis. Whether or not these patients were treated by radical radiotherapy was the only independent prognostic factor (P = 0.0071).
Fifty-eight patients had their tumours excised. Of these, seven had less common histological types leaving 51 patients for analysis. For these patients only having radical radiotherapy (P = 0.0079) and the degree of necrosis (P = 0.0193) were of independent prognostic value.
When only the variables known to the pathologist were included as possible prognostic factors, i.e. age, sex and the pathological variables, (excluding size) then sex (P = 0.0223) and mitoses (P = 0.0354) came out as significant with site (P = 0.05 10) just failing to reach the conventional level of statistical significance. When size was included only 38 cases were available for analysis and size was not shown to be significant.
Superficial tumours
When size was excluded as a possible prognostic variable, 59 patients were available for analysis (10 with a less common histological type were excluded). Histological type was included as a stratification variable. The following indepen-dent prognostic factors were identified: radical radiotherapy (P = 0.0008), extent of surgery (P = 0.0097) and necrosis (P = 0.0450), with radical radiotherapy, more extensive surgery and less necrosis being favourable.
When size was included as a possible prognostic variable only 33 patients were available for analysis. However, in this subgroup it was the most important independent prognostic factor (P = 0.0011), patients with smaller tumours having a better prognosis. Also included in the model were necrosis (P = 0.0026) and cellularity (P = 0.0203), with less necrosis and more cellularity being favourable.
Deep tumours
There were 31 patients with tumours arising in the retroperitoneum or the thorax. For the analysis histological type was recorded as leiomyosarcoma, liposarcoma or other. The independent prognostic factors identified were histological type (P <0.0001), sex (P = 0.0003), extent of surgery (P = 0.0168) and radiotherapy (P = 0.0237) with cellularity (P = 0.0530) and age (P = 0.0687) just failing to reach the conventional level of statistical significance. Liposarcoma emerged as the most favourable histological type for deep tumours, followed by leiomyosarcoma and then the rest. Females had a better prognosis than males and patients having more extensive surgery and/or radical radiotherapy did better.
Discussion
This study was undertaken to review our experience of the treatment of patients with STS, to analyse the prognostic significance of histological and clinical factors and to compare these with other published results. As the Oncology Department is a specialised cancer treatment unit there may be a bias of referral. Thus patients with larger lesions, possibly difficult to resect, and those with recurrent or metastatic disease may make up a considerable proportion of the population referred. The results demonstrate that several histological and clinical parameters affect prognosis.
Reappraisal of pre-review histological diagnoses is essential since sarcomata are rare and constitute a recognised area of diagnostic difficulty for the general histopathologist. The fact that 17 tumours were recategorised as benign soft tissue lesions (9) and non-sarcomatous malignancies (8) justifies our histological review. Inclusion of these cases would have biased the survival analysis.
The significance of grade has been demonstrated more often than have other histological parameters but in this series is not an independent prognostic factor. However, the independent significance of two of the STS grading criteria, necrosis and mitotic activity, indirectly emphasise the importance of histological grade and suggest that necrosis and mitotic activity may be the most important factors in assessing grade. These two factors seem to be related to the tumour proliferative activity which can be assessed by staining frozen sections of tumours with the monoclonal antibody Ki-67. Initial investigations by Ueda et al. (1989) indicate a significant correlation between survival and tumour reactivity for Ki-67 which might be used as one of the histological factors for grading STS. Costa et al. (1984) demonstrated the effect of extent of necrosis on survival and used it in their grading system. Since then other authors (Mandard et al., 1989; Rooser et al., 1988; Trojani et al., 1984) have, like us, shown it to be an independent prognostic factor. Assessment of the extent of necrosis is the most subjective and difficult of the criteria used in grading (Costa et al., 1984; Trojani et al., 1984 (Mandard et al., 1989; Ueda et al., 1988) and site (Collin et al., 1987; Markhede et al., 1982) is well documented in the literature. In this study, size was an independent prognostic factor in the superficial STS but not in either the overall group or the deep STS. As expected, due to the surgical problems and, probably, the nature of such tumours, survival was poor for patients with retroperitoneal disease (Bramwell et al., 1985; Collin et al., 1987; Markhede et al., 1982; Tsujimoto et al., 1988) . Since retroperitoneal STS tend to be larger at presentation it is difficult to separate size from site as an independent prognostic factor. In this study, few deep STS were completely resected which meant that their pathological size was unknown and could not be included in the proportional hazards model. In this review the UICC staging, a modified version of the AJC staging, was used. It proved to be of prognostic value only on univariate analysis.
The prognostic significance of symptoms has been reported by Collin et al. (1987) and Ueda et al. (1988) . Heise et al. (1986) found a higher recurrence-free survival in patients presenting with mass as compared with other symptoms. The wide range of duration of symptoms has been shown by others (Bramwell et al., 1985; Ueda et al., 1988) and probably relates to the fact that many patients ignore any swelling not accompanied by pain. In our series there was an association of symptoms with site and they did not prove to be of prognostic significance. The prognostic significance of sex, age and local recurrence has also been reported by one or more investigators (Bramwell et al., 1985; Collin et al., 1987; Markhede et al., 1982; Pinedo et al., 1984; Tsujimoto et al., 1988) . Only sex was of prognostic importance in our series. The mode of treatment affects survival (Dewar & Duncan, 1985) . In our series radical surgical treatment and radiotherapy were associated with better survival. There have been many reports on the role of surgical excision alone or followed by adjuvant radiotherapy (Abbas et al., 1981; Coe et al., 1981; Dewar & Duncan, 1985; Markhede et al., 1982; Ueda et al., 1988) . A poor survival in patients with unresectable tumours, irrespective of further treatment has been shown by Suit et al. (1985) and Gerner et al. (1975) . Various methods of surgical treatment seem to relate to different rates of local recurrence (Markhede et al., 1982; Shieber et al., 1961; Shiu et al., 1975) ; this may be simply a reflection of the inadequacy of surgical excision (Abbas et al., 1981; Bell et al., 1989; Collin et al., 1987; Mandard et al., 1989) . Radical local excision as described by Simon and Enneking (1976) resulted in a local control rate of 98% in their series of 46 patients. Such extensive surgical approaches frequently involve considerable mutilation and in many cases may be technically impossible. Although initially suggested by Cade (1951) the role of radiotherapy has only relatively recently been established for local control of STS. By treating 64 patients with local (radical) radiotherapy following simple excision of the tumour Suit et al. (1975) reported a local control rate of 90.6%. Subsequently Rosenberg et al. (1982) stressed the effectiveness of local radiotherapy for local control, avoiding mutilating surgery. In a recent report (Suit et al., 1985) comparing the pooled data of various institutions, the local failure rate was 18.1% for the patients treated by radical surgery or amputation and 18.3% for the patients treated by conservative surgery and postoperative radiation. In our series these figures are 10% and 22.2% respectively.
The following variables have been reported by one or more authors as being independent prognostic factors: age, sex, symptoms, site, depth, size, tumour borders, differentiation, mitotic activity, tumour necrosis, grade, surgical treatment, adequacy of surgical excision, adjuvant chemotherapy, local recurrence and nodal metastases (Collin et al., 1987; Heis et al., 1986; Mandard et al., 1989; Markhede et al., 1982; Trojani et al., 1984; Tsujimoto et al., 1988; Ueda et al., 1988) . Our results are within this wide range of findings. They also show the independent significance of radical radiotherapy as a primary or adjuvant treatment.
In most series STS were defined as superficial or deep depending on their relation to the deep fascia. While these definitions are acceptable for STS of the extremity and trunk, they do not apply to the retroperitoneal and thoracic STS. The results of the multivariate analyses done on the superficial STS are as expected. Smaller tumours are more amenable to adequate surgical treatment and radiotherapy. Extent of necrosis tends to reflect the rate of proliferative growth which is in turn related to survival (Ueda et al., 1989) . In summary our clinical findings are in broad agreement with the literature. Our survival analyses reaffirm the importance of radical treatment. They also demonstrate that certain histological features, i.e. necrosis and mitotic activity, are of special significance and they probably relate to assessment of grade more than any of the other factors currently in use. Future studies to determine prognostic factors should include cell kinetics to assess their contribution in predicting biological behaviour and survival. Although the number of cases in this study is not small the subgroups are and we believe that there is a need for further larger co-operative, studies to standardise assessment of grade and to identify prognostic factors. Only by such collaboration can we develop a better clinicopathological understanding of soft tissue sarcomata.
